We demonstrate high optical depths of > 50 lasting over 100 minutes in a Rubidium filled PBGF using an off-resonant CW laser beam, which enables straightforward measurement of cross-phase modulation at the single photon level.
Giant effective optical Kerr nonlinearities are desirable, as they facilitate light matter interactions at ultra low power levels [1] . Such ultralow power light matter interactions can be useful for quantum information processing [2] , making quantum non-demolition measurements based on cross-phase modulation [1] and noiseless frequency conversion [3] . However, large Kerr nonlinearities require high optical depths (OD) and small cross-sectional area to achieve high intensities at relatively low powers. This can be realized with alkali metal vapors confined to the core of hollow-core photonic band-gap fiber (PBGF) yielding large third-order nonlinearities [4] [5] [6] . To date, alkali vapors have been generated inside the core of PBGFs for short times by thermally evaporating alkali nanoclusters using intense beams [7, 8] , which results in a high OD. However, the major drawback of such an approach is that it generates a dense vapor for only short time scales (i.e., few seconds) since the Rb atoms are quickly lost again to the fiber core walls. Moreover, long waiting times are needed between each of these runs to get to high ODs.
In this work we demonstrate significant increase (1000X) in the operation time of our system by using beams with relatively high average power and wavelengths close to the band edge of the PBGF, which prevents the atoms from redepositing to the core walls. A schematic of our experimental setup is shown in Fig. 1(a) . We use a CW desorption beam at 805 nm. To monitor the OD in the PBGF, the probe beam (795 nm) tuned to a mode-hop-free scan across the D 1 line (5S 1/2 → 5P 1/2 ) of Rb 85, is coupled into the PBGF (Crystal Fiber AIR-6-800, 6 μm core). The probe absorption (blue dots) and the simulated Voigt function (red) plotted as a function of detuning. We infer the temperature inside the PBGF to be 500 K from the fitting function.
The probe beam is separated from the desorption beam using band-pass filters and is then fit to a Voigt profile which gives an estimate of the OD. Figure 1 Figure 2 (a) plots the OD generated by a strong CW desorption beam as a function of elapsed time. We observe that ODs as large as 200 are generated for a few minutes. Afterwards a stable OD of 50 is reached for over 100 minutes. This represents an improvement in active operation time of the system by more than three orders of magnitude. The generated OD is also measured as a function of desorption power as seen in Fig  2(b) . We observed a threshold at around 23 mW beyond which the OD increases with power. We expect that larger ODs can be generated at even higher desorption powers. Additional studies also indicate that, desorption is more efficient at the band edge of the PBGF, which is due to the higher optical mode area concentrated at the core walls, which prevents the atoms from sticking. Finally, we used our system to perform an experiment to demonstrate cross phase modulation (XPM) using a twophoton transition on the Rb D 2 line [6] . As seen in Fig 3(a) , a linearly polarized meter beam at 776 nm (5P 3/2 → 5D 5/2 ) and a weak circularly polarized signal beam at 780 nm (5S 1/2 → 5P 3/2 ) are sent counter propagating into the PBGF. After passing through the PBGF, the meter beam is separated using filters and its polarization analyzed with a combination of waveplates and a polarizer. The cross phase shift (XPS) imparted by the signal beam on the meter is estimated by measuring the counts on the single photon spectrometer (SPSM) and corrected for the background level. We choose both the signal and meter beam detuning to be equal (Δ 1 = Δ 2 ) as seen in Fig. 3(b) . Figure 3 (c) shows the XPS imparted by the signal beam at 1 μW as a function of detuning, with a maximum for a detuning of 250 MHz to the blue of F = 3 → F' = 4 transition. In contrast to measurements previously demonstrated [6] which took several days, we were able to measure the XPS for different detunings in a single run and we expect measuring down to the single photon level.
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In summary, we demonstrate a three-order-of-magnitude improvement in operation time of the Rb-PBGF system by achieving high OD's (~50), which last for over hundreds of minutes. The present system enables us to measure XPS down to the single-photon.
